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Seven antigenic proteins of Edwardsiella tarda were identified by using a rabbit polyclonal antiserum. Four
of these proteins also reacted with a Japanese flounder antiserum. The amino acid sequences had identity to
lipoproteins, periplasmic proteins, and exported and secreted proteins with roles in transport of metabolites
across the cell membrane, stress response, and motility. These genes and their products are useful for
developing DNA or recombinant subunit vaccines to control edwardsiellosis.

Edwardsiella tarda is a gram-negative bacterium that induces
disease mostly in fish (33) but also in humans (18). The disease
in fish, termed edwardsiellosis, is characterized by skin lesions
that progress into suppurative abscesses, hyperemia, hemor-
rhages, swelling, and necrosis, all of which are disseminated
systemically (29, 33). Among a number of factors related to E.
tarda virulence (5, 14, 26, 34), only hemolysin has been asso-
ciated with invasion and cytotoxicity (17, 38). At present, the
pathogenesis of the disease, as well as the antigenic proteins
that could induce protective immunity, is unknown.

In this study, we constructed a cosmid DNA library of E.
tarda 54, a virulent strain isolated from an outbreak of disease
in Japanese flounder (Paralichthys olivaceus). The library was
screened for clones expressing antigenic proteins using a rabbit
anti-E. tarda (NG8104) polyclonal antiserum as the first anti-
body and a goat anti-rabbit immunoglobulin G (IgG) bound to
125I as the second antibody. Six different cosmid clones were
found and analyzed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and Western blot analyses
(24). The proteins were transferred to polyvinyldifluoride
membranes and then incubated with the same first antibody. A
goat anti-rabbit IgG conjugated with alkaline phosphatase was
used as the second antibody (Fig. 1). The immune reaction was
revealed with the 5-bromo-4-chloro-3-indolyl phosphate–Nitro
Blue Tetrazolium substrate.

Cosmid DNA from each clone was digested with several
restriction enzymes, and the DNA fragments were cloned in
plasmid vectors for immunoscreening and sequencing. IPTG
(isopropylthio-�-D-galactoside) at 1 mM was added to induce
expression of the protein. Nucleotide sequences were deter-
mined by the cycle sequencing method using Thermo Seque-
nase. Then, specific primers were designed to amplify the pu-
tative open reading frames (ORFs) and each gene was cloned
into pBluescript SK(�) vector. Recombinant proteins were
analyzed by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and Western blotting with the same antibodies
(Fig. 2). The proteins were also analyzed by using a Japanese

flounder serum raised against the bacteria (first antibody), a
rabbit polyclonal antiserum against Japanese flounder IgM as
the second antibody, and the goat anti-rabbit IgG conjugated
with alkaline phosphatase as the third antibody (Fig. 3). All
sera used in this study were previously incubated with the
Escherichia coli strains carrying empty vectors to remove un-
specific antibodies. DNA preparations were carried out by
using standard procedures (37). Sequence data were compared
with those in GenBank by using the BLAST program. Putative
signal peptides were determined by using the Signal P program
(4). The proteins were named Et 18 through Et 76 based on
their molecular masses (Table 1).

Et 18 and Et 28 (putative lipoproteins), together with Et 76,
were expressed in clones 54-3 and 54-4 (Fig. 1 and 4). Their
amino acid sequence identities are compared in Table 2. Et 18
had identity to Salmonella enterica periplasmic lipoprotein
(YraP) (31), whereas Et 28 had identity to Shigella flexneri and
E. coli putative lipoprotein (YaeC) (3, 20). Both proteins pos-
sess signal peptides at the N terminus and the consensus cleav-
age site {LA(G,A)2C} of bacterial lipoproteins for peptidase
II, where the arrow indicates the position of cleavage between
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FIG. 1. Western blot analysis of total cell proteins of six Escherichia
coli cosmid clones expressing Edwardsiella tarda antigenic proteins.
Lane M, marker; lane Et, E. tarda strain 54; lane Ec, E. coli XL1-Blue
MR carrying Supercos I vector; lane A, cosmid 54-1 carrying the Et 49
gene; lane B, cosmid 54-2 carrying the Et 38 gene; lane C, cosmid 54-3
carrying the Et 18, Et 28, and Et 76 genes; lane D, cosmid 54-4 carrying
the Et 18 and Et 76 genes; lane E, cosmid 54-5 carrying the Et 46 gene;
lane F, cosmid 54-6 carrying the Et 32 gene. Arrows indicate the
antigenic protein band.
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the signal peptide and the mature protein, the amino acid
cysteine is absolutely required in position �1, alanine, glycine,
or serine is acceptable in position �1, and alanine and leucine
are preferred in positions �2 and �3, respectively (12). Bac-
terial lipoproteins are one of the components of pathogen-
associated molecular patterns produced by microorganisms
(19). They possess immunostimulatory activities, i.e., they trig-
ger the innate immune response via Toll-like receptors 2 and 6
(TLR2 and TLR6) in mammals (1, 15, 39). In all cases, a
tripalmitoyl-S-glyceryl-modified cysteine (Pam3Cys) is re-
quired for these stimulatory properties (8, 44). Japanese floun-
der also possess a functional homolog of the human TLR2
(13). Therefore, it is reasonable to assume that the immuno-
stimulatory properties of these proteins in Japanese flounder
and human are similar. The genetic location of the Et 28 gene
in the chromosome (Fig. 4) was the same as that reported for

FIG. 2. Western blot analysis of Edwardsiella tarda recombinant
antigenic proteins reacting with a rabbit serum anti-E. tarda. Lane M,
marker; lane Et, E. tarda strain 54; lane Ec, Escherichia coli JM109
carrying pBluescript vector; lane A, E. coli carrying the Et 49 gene;
lane B, E. coli carrying the Et 38 gene; lane C, E. coli carrying the Et
28 gene; lane D, E. coli carrying the Et 18 gene; lane E, E. coli carrying
the Et 46 gene; lane F, E. coli carrying the Et 32 gene; and lane G, E.
coli carrying the Et 76 gene. Arrows indicate the antigenic protein
band.

FIG. 3. Western blot analysis of Edwardsiella tarda recombinant
antigenic proteins reacting with a Japanese flounder anti-E. tarda se-
rum. Lane M, marker; lane Et, E. tarda strain 54; lane Ec, Escherichia
coli BL21 codon plus carrying pET32 expression vector; lane A, E. coli
carrying the Et 49 gene; lane B, E. coli carrying the Et 38 gene; lane C,
E. coli carrying the Et 28 gene; lane D, E. coli carrying the Et 18 gene;
lane E, E. coli carrying the Et 32 gene; lane F, E. coli carrying the Et
46 gene; lane G, E. coli carrying the Et 76 gene. Arrows indicate the
antigenic protein band.
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S. flexneri and was designated an O-island (O-island no. 4) in E.
coli O157 (32). These antigenic protein genes and others genes
at the same locus, for instance, the arylsulfate sulfotransferase
gene, should be overexpressed during the infection process in
fish, just as some Vibrio vulnificus genes (yaeC) are overex-
pressed during the infection process in humans (22). The ar-
ylsulfate sulfotransferase gene has been described as a poten-
tial E. tarda virulence gene (26). Thus, this locus could
represent a pathogenic island in E. tarda.

Et 32 and Et 76 (putative exported proteins) amino acid
sequences had identities to Yersinia pestis putative exported
protein YPO2305 and the glycosylase YraM (Table 2) (6, 30).

The genetic location of the Et 32 gene suggests that it is a
component of an operon involved in arginine or pyrimidine
nucleotide uptake (Fig. 4). This observation agrees with the
expression of a gene (pyrH) involved in the synthesis of pyrim-
idine nucleotides during infections by V. vulnificus in humans
(22). This pathway is linked to the synthesis of arginine (21).

As mentioned above, Et 76, Et 18, and/or Et 28 was ex-
pressed by two clones carrying overlapping DNA fragments.
The genetic location (Fig. 4) is the same as that reported in Y.
pestis (30). Although their functions are unknown, bacterial
cell envelope-associated and secreted proteins are immuno-
genic, with roles in pathogenesis. These proteins comprise 6 to

FIG. 4. Schematic representation of the genetic loci of major antigenic proteins of Edwardsiella tarda. Open reading frames (ORFs) and the
transcription directions are indicated by arrows. Sizes of ORFs in base pairs are in parentheses. Black arrows indicate antigenic protein genes.
Restriction sites are as follows: A, PstI; B, HincII; C, EcoRV; D, BamHI; E, SacII; F, SacI; G, EcoRI; and H, HindIII. Gene names and product
are as follows: dgt, deoxyguanosine triphosphate triphosphohydrolase; drpA, prolyl-tRNA synthetase; fbpA, ferric binding protein A; fbpB,
transmembrane permease (iron III); fbpC, ABC transporter, ATP binding protein; fliA, RNA polymerase, regulator of flagellar operon, sigma
factor 28; Et 46 gene (fliC), flagellin FliC; fliD, flagellar capping protein, hook-associated protein 2; fliJ, flagellar protein FliJ; fliL, flagellar
biosynthesis protein FliL; fliM, flagellar motor switch protein FliM; fliN, flagellar motor switch protein FliN; fliO, flagellar protein fliO; fliP, flagellar
biosynthesis protein FliP; fliS, flagellin-specific chaperone FliS; fliT, repressor of class 3a and 3b operon FliT; fliZ, regulator of FliA; fnr, fumarate
and nitrate reduction regulatory protein; Et 49 gene (gsrA), global stress requirement protein A; lamB, maltoporine LamB; Et 38 gene (malE),
maltose binding periplasmic protein MalE; malK, maltose ATP binding protein MalK; malM, maltose binding protein MalM; metI, permease
protein MetI; metN, D-methionine transport, ATP binding protein MetN; mtgA, monofunctional biosynthetic peptidoglycan transglycosylase; pntA,
pyridine nucleotide transhydrogenase, alpha subunit; pntB, pyridine nucleotide transhydrogenase, beta subunit; rcsF, regulator of colanic acid
synthesis RcsF; yaeB, hypothetical protein YaeB; Et 28 gene (yaeC), putative lipoprotein YaeC; yaeD, putative phosphatase YaeD; ydaA, universal
stress protein YdaA; ydcP, putative protease, collagenase YdcP; Et 32 gene (ydgH), putative exported protein; yjjK, ATPase component of ABC
transporter YjjK; yraL, putative tetrapyrrole methylase YraL; Et 76 gene (yraM), putative glycosylase YraM; yraN, hypothetical protein, endo-
nuclease YraN; yraO, probable phosphosugar isomerase YraO; Et 18 gene (yraP), possible lipoprotein YraP. Hp, hypothetical protein; IF-2, translation
initiation factor 2.
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37% of the gram-positive proteomes and 12 to 36% of the
gram-negative proteomes (36). Secreted and exported proteins
are considered important virulence factors and vaccine candi-
dates. Therefore, we believe these genes and proteins may be
useful to vaccine development.

Et 38 and Et 49 (putative periplasmic proteins). The Et 38
amino acid sequence had 84% identity to that of the periplas-
mic maltose binding protein (MalE) of E. coli (32), which is
involved in energy-dependent translocation of maltose through
the cytoplasmic membrane (16). The Signal P program pre-
dicted a 26-residue signal peptide, which would produce a
mature protein of 40.9 kDa. This size did not correlate well
with the antigenic band detected by Western blotting (Fig. 1
and 2). The fish serum reacted with two antigenic bands that
might correspond to the immature and mature proteins (Fig.
3). The differences in protein size may be due to an inaccurate
prediction of the signal peptide cleavage site.

The Et 49 gene nucleotide sequence had 76% identity to
that of the gene for the global stress requirement protein
(GsrA) of Yersinia enterocolitica (45). The protein conserved
the major features of heat shock proteins (HSPs), such as a
putative signal peptide, a Ser/His/Asp active site, and a se-
quence similar to the �E type heat shock promoter consensus
(35). HSPs preserve cellular functions and are necessary for
growth and survival during exposure to environmental stress,
including the intramacrophagic state of pathogens such as Y.
enterocolitica (45) and Brucella abortus (2, 23). HSPs are im-
munogens that induce both cellular and humoral immunity (2).
E. tarda is considered an intracellular pathogen. It survives and
replicates in phagocytes (34). It also grows on media with 3%
NaCl and at temperatures as high as 40°C (33). Thus, it was not
unexpected that the E. tarda heat shock proteins have immu-
nostimulatory activity in a mammalian host. On the other
hand, because the flounder serum did not react with this pro-
tein, it may not have the same role in fish.

Et 46 (flagellin, a secreted protein). Flagellins (H antigens)
belong to the pathogen-associated molecular pattern that, in
mammals, activates the innate immune system via TLR5 (11,
25). Bacterial adhesion to and invasion of animals’ cells are
necessary for virulence and depend on the presence of flagel-

lum in Aeromonas hydrophila (28) and S. enterica (42). E. tarda
flagellin was described as an extracellular virulence-associated
protein (40). As expected, the E. tarda flagellin of this study
had 95% amino acid identity with the E. tarda flagellin re-
ported by Tan et al. (40). On the other hand, it had moderately
low identity (64%) to other bacterial flagellins, particularly in
the antigenic domain (Table 2). This domain is a nonconserved
region and is very different in bacteria belonging to different
species (9). The protein probably does not have strong immu-
nostimulatory functions in fish, since it was recognized by only
the rabbit antiserum (Fig. 1 and 2).

Finally, based on the sequence identities and other bioinfor-
matics tools, the E. tarda major antigenic proteins are normal
components of the bacterial cell wall and are involved in aro-
matic amino acid, sugar, and probably nucleotide uptake,
stress response, and motility. Some E. tarda antigenic proteins
in the mammal immune system may not be in the fish coun-
terpart. These genes and their products are useful for devel-
oping DNA or recombinant subunit vaccines to control ed-
wardsiellosis.

Nucleotide sequence accession numbers. The sequences for
the genes encoding Et 18, Et 28, Et 32, Et 38, Et 46, Et 49, and
Et 76 were deposited in GenBank under the accession num-
bers AB195503, AB195504, AB195505, AB195506, AB195507,
AB195508, and AB195509, respectively.

This study was supported in part by Grants-in-Aid for Scientific
Research from the Ministry of Education, Science, Sports and Culture
of Japan.

REFERENCES

1. Aliprantis, A. O., R. B. Yang, M. R. Mark, S. Suggett, B. Devaux, J. D.
Radolf, G. R. Klimpel, P. Godowski, and A. Zychlinsky. 1999. Cell activation
and apoptosis by bacterial lipoproteins through toll-like receptor 2. Science
285:736–739.

2. Bae, J. E., G. G. Schurig, and T. E. Toth. 2002. Mice immune responses to
Brucella abortus heat shock proteins. Use of baculovirus recombinant-ex-
pressing whole insect cells, purified Brucella abortus recombinant proteins,
and a vaccinia virus recombinant as immunogens. Vet. Microbiol. 88:189–
202.

3. Blattner, F. R., G. Plunkett III, C. A. Bloch, N. T. Perna, V. Burland, M.
Riley, J. Collado-Vides, J. D. Glasner, C. K., Rode, G. F. Mayhew, J. Gregor,
N. W. Davis, H. A. Kirkpatrick, M. A. Goeden, D. J. Rose, B. Mau, and Y.

TABLE 2. Comparison of predicted amino acid sequence identities of Edwardsiella tarda antigenic proteins
and their homologues in other bacteria

Closely related species

Amino acid sequence identity (%) with:

ReferenceEt 18
(YraP)

Et 28
(YaeC)

Et 32
(YdgH)

Et 38
(MalE)

Et 46
(FliC)

Et 49
(GsrA)

Et 76
(YraM)

Edwardsiella tarda 95 40
Yersinia enterocolitica 76 45
Yersinia pestis 72 80 62 82 75 65 30

66 65 6
Escherichia coli 71 84 74 32

81 56 3
56 41

55 43
Shigella flexneri 70 81 55 83 74 56 20
Salmonella enterica serovar

Typhi CT18
74 80 55 83 73 58 31

58 27
Photorhabdus luminescens 63 76 56 75 53 7
Serratia marscecens 64 10

VOL. 71, 2005 ANTIGENIC PROTEIN GENES OF EDWARDSIELLA TARDA 5657



Shao. 1997. The complete genome sequence of Escherichia coli K-12. Science
277:1453–1474.

4. Brendtsen, J. D., H. Nielsen, G. Heijne, and S. Brunak. 2004. Improved
prediction of signal peptides-SignalP3.0. J. Mol. Biol. 340:783–795.

5. Chen, J. D., S. Y. Lai, and S. L. Huang. 1996. Molecular cloning, character-
ization, and sequencing of the hemolysin gene from Edwardsiella tarda. Arch.
Microbiol. 165:9–17.

6. Deng, W., V. Burland, G. Plunkett III, A. Boutin, G. F. Mayhew, P. Liss, N. T.
Perna, D. J. Rose, B. Mau, S. Zhou, D. C. Schwartz, J. D. Fetherston, L. E.
Lindler, R. R. Brubaker, G. V. Plana, S. C. Straley, K. A. McDonough, M. L.
Nilles, J. S. Matson, F. R. Blattner, and R. D. Perry. 2002. Genome sequence
of Yersinia pestis KIM. J. Bacteriol. 184:4601–4611.

7. Duchaud, E., C. Rusniok, L. Frangeul, C. Buchrieser, S. Taourit, S. Bocs, C.
Boursaux-Eude, M. Chandler, E. Dassa, R. Derose, S. Derzelle, G. Freyssi-
net, S. Gaudriault, A. Givaudan, P. Glaser, C. Medigue, A. Lanois, K.
Powell, P. Siguier, V. Wingate, M. Zouine, N. Boemare, A. Danchin, and F.
Kunst. 2003. The genome sequence of the entomopathogenic bacterium
Photorhabdus luminescens. Nat. Biotechnol. 21:1307–1313.

8. Erdile, L. F., M. A. Brandt, D. J. Warakomski, G. J. Westrack, A. Sadziene,
A. G. Barbour, and J. P. Mays. 1993. Role of attached lipid in immuno-
genicity of Borrelia burgdorferi OspA. Infect. Immun. 61:81–90.

9. Grewal, N., and D. M. Salunke. 1993. The antigenic domain of flagellin from
Salmonella paratyphi shares a structural fold with subtilisin. FEBS Lett.
322:111–114.

10. Harshey, R. M., G. Estepa, and H. Yanagi. 1989. Cloning and nucleotide
sequence of a flagellin-coding gene (hag) from Serratia marcescens 274. Gene
79:1–8.

11. Hayashi, F., K. D. Smith, A. Ozinsky, T. R. Hawn, E. C. Yi, D. R. Goodlett,
J. K. Eng, S. Akira, D. M. Underhill, and A. Aderem. 2001. The innate
immune response to bacterial flagellin is mediated by Toll-like receptor 5.
Nature 410:1099–1103.

12. Heijne, G. 1989. The structure of signal peptides from bacterial lipoproteins.
Protein Eng. 7:531–534.

13. Hirono, I., M. Takami, M. Miyata, T. Miyazaki, H. Han, T. Takano, M.
Endo, and T. Aoki. 2004. Characterization of gene structure and expression
of two toll-like receptors from Japanese flounder, Paralichthys olivaceus.
Immunogenetics 56:38–46.

14. Hirono, I., N. Tange, and T. Aoki. 1997. Iron-regulated haemolysin gene
from Edwardsiella tarda. J. Mol. Microbiol. 24:851–856.

15. Hirschfeld, M., C. J. Kirschning, R. Schwandner, H. Wesche, J. H. Weis,
R. M. Wooten, and J. J. Weis. 1999. Cutting edge: inflammatory signaling by
Borrelia burgdorferi lipoproteins is mediated by Toll-like receptor 2. J. Im-
munol. 163:2382–2386.

16. Hsu, S.-C., B.-S. Yan, J.-M. Pan, and W.-J. Syu. 1997. A monoclonal anti-
body reacts with maltose-binding protein of Escherichia coli and related
enteric bacteria. J. Immunol. Methods 204:169–174.

17. Janda, J. M., S. L. Abbott, and L. S. Oshiro. 1991. Penetration and replica-
tion of Edwardsiella spp. in Hep-2 cells. Infect. Immun. 59:154–161.

18. Janda, J. M., and S. L. Abbott. 1993. Infections associated with the genus
Edwardsiella: the role of Edwardsiella tarda in human disease. Clin. Infect.
Dis. 17:742–748.

19. Janeway, C. A., and R. Medzhitov. 1999. Innate immunity: lipoproteins take
their Toll on the host. Curr. Biol. 9:R879–R882.

20. Jin, Q., Z. H. Yuan, J. G. Xu, Y. Wang, Y. Shen, W. C. Lu, J. H. Wang, H.
Liu, J. Yang, F. Yang, D. Qu, X. B. Zhang, J. Y. Zhang, G. W. Yang, H. T.
Wu, J. Dong, L. L. Sun, Y. Xue, A. L. Zhao, Y. S. Gao, J. P. Zhu, B. Kan, S. X.
Chen, Z. J. Yao, B. K. He, R. S. Chen, D. L. Ma, B. Q. Qiang, Y. M. Wen,
Y. D. Hou, and J. Yu. 2002. Genome sequence of Shigella flexneri 2a: insights
into pathogenicity through comparison with genomes of Escherichia coli K12
and O157. Nucleic Acids Res. 30:4432–4441.

21. Kholti, A., D. Charlier, D. Gigot, N. Huysveld, M. Roovers, and N. Glands-
dorff. 1998. pyrH-encoded UMP-kinase directly participates in pyrimidine-
specific modulation of promoter activity in Escherichia coli. J. Mol. Biol.
280:571–582.

22. Kim, Y. R., S. E. Lee, C. M. Kim, S. Y. Kim, E. K. Shin, D. H. Shin, S. S.
Chung, H. E. Choy, E. Progulske-Fox, J. D. Hillman, M. Handfield, and J. H.
Rhee. 2003. Characterization and pathogenic significance of Vibrio vulnificus
antigens preferentially expressed in septicemic patients. Infect. Immun. 71:
5461–5471.

23. Kohler, S., F. Porte, V. Jubier-Maurin, S. Ouahrani-Bettache, J. Teyssier,
and J.-P. Liautard. 2002. The intramacrophagic environment of Brucella suis
and bacterial response. Vet. Microbiol. 90:299–309.

24. Laemmli, U. K. 1970. Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature 277:680–685.

25. Lodes, M. J., Y. Cong, C. O. Elson, R. Mohamath, C. J. Landers, S. R.
Targan, M. Fort, and R. M. Hershberg. 2004. Bacterial flagellin is a domi-
nant antigen in Crohn disease. J. Clin. Investig. 113:1296–1306.

26. Mathew, J. A., Y. P. Tan, P. S. Srinivasa Rao, T. M. Lim, and K. Y. Leung.
2001. Edwardsiella tarda mutants defective in siderophore production, mo-
tility, serum resistance and catalase activity. Microbiology 147:449–457.

27. McQuiston, J. R., R. Parrenas, M. Ortiz-Rivera, L. Gheesling, F. Brenner,
and P. I. Fields. 2004. Sequencing and comparative analysis of flagellin genes
fliC, fljB, and flpA from Salmonella. J. Clin. Microbiol. 42:1923–1932.

28. Merino, S., X. Rubires, A. Aguilar, and J. M. Tomas. 1997. The role of
flagella and motility on the adherence and invasion to fish cell lines by
Aeromonas hydrophila serogroup O:34 strains. FEMS Microbiol. Lett. 151:
213–217.

29. Miyazaki, T., and N. Kaige. 1985. Comparative histopathology of edward-
siellosis in fishes. Fish Pathol. 20:219–227.

30. Parkhill, J., B. W. Wren, N. R. Thomson, R. W. Titball, M. T. G. Holden,
M. B. Prentice, M. Sebaihia, K. D. James, C. Churcher, K. L. Mungall, S.
Baker, D. Basham, S. D. Bentley, K. Brooks, A. M. Cerdeno-Tarraga, T.
Chillingworth, A. Cronin, R. M. Davies, P. Davis, G. Dougan, T. Feltwell, N.
Hamlin, S. Holroyd, K. Jagels, S. Leather, A. V. Karlyshev, S. Moule, P. C. F.
Oyston, M. Quail, K. Rutherford, M. Simmonds, J. Skelton, K. Stevens, S.
Whitehead, and B. G. Barrell. 2001. Genome sequence of Yersinia pestis, the
causative agent of plague. Nature 413:523–527.

31. Parkhill, J., G. Dougan, K. D. James, N. R. Thomson, D. Pickard, J. Wain,
C. Churcher, K. L. Mungall, S. D. Bentley, M. T. G. Holden, M. Sebaihia, S.
Baker, D. Basham, K. Brooks, T. Chillingworth, P. Connerton, A. Cronin, P.
Davis, R. M. Davies, L. Dowd, N. White, J. Farrar, T. Feltwell, N. Hamlin,
A. Haque, T. T. Hien, S. Holroyd, K. Jagels, A. Krogh, T. S. Larsen, S.
Leather, S. Moule, P. O’Gaora, C. Parry, M. Quail, K. Rutherford, M.
Simmonds, J. Skelton, K. Stevens, S. Whitehead, and B. G. Barrell. 2001.
Complete genome sequence of a multiple drug resistant Salmonella enterica
serovar Typhi CT18. Nature 413:848–852.

32. Perna, N. T., G. Plunkett III, V. Burland, B. Mau, J. D. Glasner, D. J. Rose,
G. F. Mayhew, P. S. Evans, J. Gregor, H. A. Kirkpatrick, G. Posfai, J.
Hackett, S. Klink, A. Boutin, Y. Shao, L. Miller, E. J. Grotbeck, N. W. Davis,
A. Lim, E. Dimalanta, K. Potamousis, J. Apodaca, T. S. Anantharaman, J.
Lin, G. Yen, D. C. Schwartz, R. A. Welch, and F. R. Blattner. 2001. Genome
sequence of enterohaemorrhagic Escherichia coli O157:H7. Nature 409:529–
533.

33. Plumb, J. A. 1999. Edwardsiella septicaemias. In P. T. K. Woo and D. W.
Bruno (ed.), Fish diseases and disorders, vol. 3. Viral, bacterial, and fungal
infections. CABI Publishing, Wallingford, Oxfordshire, United Kingdom.

34. Rao, P. S. S., T. M. Lim, and K. Y. Leung. 2001. Opsonized virulent Ed-
wardsiella tarda strains are able to adhere to and survive and replicate within
fish phagocytes but fail to stimulate reactive oxygen intermediates. Infect.
Immun. 69:5689–5697.

35. Roop, R. M., T. W. Fletcher, N. M. Spiranganathan, S. M. Boyle, and G. G.
Schurig. 1994. Identification of an immunoreactive Brucella abortus HtrA
stress response protein homolog. Infect. Immun. 62:1000–1007.

36. Saleh, M. T., M. Fillon, P. J. Brennan, and J. T. Belisle. 2001. Identification
of putative exported/secreted proteins in prokaryotic proteomes. Gene 269:
195–204.

37. Sambrook, J., and D. W. Russell. 2001. Molecular cloning. A laboratory
manual, 3rd ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y.

38. Strauss, E. J., N. Ghori, and S. Falkow. 1997. An Edwardsiella tarda strain
containing a mutation in a gene with homology to shlB and hpmB is defective
for entry into epithelial cells in culture. Infect. Immun. 65:3924–3932.

39. Takeuchi, O., T. Kawai, P. F. Muhlradt, M. Morr, J. D. Radolf, A. Zychlin-
sky, K. Takeda, and S. Akira. 2001. Discrimination of bacterial lipoproteins
by toll-like receptor 6. Int. Immunol. 13:933–940.

40. Tan, Y. P., Q. Lin, X. H. Wang, S. Joshi, C. L. Hew, and K. Y. Leung. 2002.
Comparative proteomic analysis of extracellular proteins of Edwardsiella
tarda. Infect. Immun. 11:6475–6480.

41. Tominaga, A. 2004. Characterization of six flagellin genes in the H3, H53 and
H54 standard strains of Escherichia coli. Genes Genet. Syst. 79:1–8.

42. Van Asten Fons, J. A. M., H. G. C. J. M. Hendricks, J. F. J. G. Konikx,
B. A. M. Van der Zeijst, and W. Gaastra. 2000. Inactivation of the flagellin
gene of Salmonella enterica serotype enteritidis strongly reduces invasion
into differentiated Caco-2 cells. FEMS Microbiol. Lett. 185:175–179.

43. Welch, R. A., V. Burland, G. D. Plunkett III, P. Redford, P. Roesch, D. A.
Rasko, E. L. Buckles, S. R. Liou, A. Boutin, J. Hackett, D. Stroud, G. F.
Mayhew, D. J. Rose, S. Zhou, D. C. Schwartz, N. T. Perna, H. L. T. Mobley,
M. S. Donnenberg, and F. R. Blattner. 2002. Extensive mosaic structure
revealed by the complete genome sequence of uropathogenic Escherichia
coli. Proc. Natl. Acad. Sci. USA 99:17020–17024.

44. Wooten, R. M., V. R. Modur, T. M. McIntyre, and J. J. Weis. 1996. Borrelia
burgdoerferi outer membrane protein A induces nuclear translocation of
nuclear factor-kB and inflammatory activation in human endothelial cells.
J. Immunol. 157:4584–4590.

45. Yamamoto, T., T. Hanawa, S. Ogata, and S. Kamiya. 1996. Identification and
characterization of the Yersinia enterocolitica gsrA gene, which protectively
responds to intracellular stress induced by macrophage phagocytosis and to
extracellular environmental stress. Infect. Immun. 64:2980–2987.

5658 VERJAN ET AL. APPL. ENVIRON. MICROBIOL.


